In the context of the present work particularly relevant is the information on junction characteristics collected for IV-VI semiconductor compounds. In the case of superconducting Pb 1−x Tl x Te, a conventional Giaever spectrum was observed using soft point-contacts 11 . In contrast, the same experimental approach points to the presence of zero-energy excitations in the electron-hole superconducting gap of Sn 1−x In x Te (ref. 11 and 12) . These findings are far reaching, as PbTe is a topologically trivial system [13] [14] [15] , whereas SnTe and related compounds are archetypical topological crystalline insulators (TCI), in which mirror symmetry protects gapless Dirac cones at {100}, {110}, and {111} crystal surfaces [13] [14] [15] [16] . Importantly, according to both angle-resolved photoemission 16 and magnetotransport studies 17 , these cones coexist with bulk states even for high bulk hole densities specific to these systems. Another challenging development is the detection of MBS signatures persisting up to 5.5 K in polycrystalline Pb 0.6 Sn 0. 4 Te that does not show any bulk superconductivity 18 . In the employed hard point-contact method the shape and characteristics of the spectra were found to depend strongly on the metal used for the tip.
We investigate here single crystals of rock salt Pb 1−y Sn y Te and Pb 1−y−x Sn y Mn x Te obtained via the self-selecting vapour growth method 14 and the Bridgman technique 19 , respectively, as reported in Methods. Since the TCI phase occurs for a sufficiently high Sn content, y 0. 30 (ref. 15) , the studied samples of Pb 1−y Sn y Te cover both the topologically trivial and non-trivial cases (see Table I ). According to the results of magnetization measurements collected in Fig. 1 , non-magnetic compounds show field-independent diamagnetic susceptibility, enhanced by strong interband polarization in the inverted band structure case. The Mn-doped samples contain Sn concentration corresponding to the TCI phase and the hole density high enough to populate twelve Σ valleys. A large density of states (DOS) associated with these valleys makes holemediated exchange coupling between Mn ions sufficiently strong to drive the ferromagnetic ordering 19, 20 . As shown in Fig. 1 , the Curie temperature T Curie , separating the paramagnetic and ferromagnetic phase, is 3.0 and 14 K for the Mn concentration x = 0.03 and 0.10, and the Sn content y = 0.67 and 0.74, respectively. As discussed in Supplementary Information, the values of T Curie are consistent with predictions of the mean-field p − d Zener model.
We employ the soft point-contact method 9, 11 , in which a 15 µm Au wire is fixed by a silver paint to a freshly etched (001) and (011) surfaces (see Methods). As shown in Fig. 2 , in the case of the diamagnetic TCI Pb 0.20 Sn 0.80 Te we find at low temperatures and magnetic fields symmetric differential conductance characteristics that consist of a broad maximum centred at V = 0 and two minima at higher biases. This form of dI/dV (V ) is virtually identical to that discovered in other unconventional superconductors 5,9,11 and assigned to MBS, as discussed in the introductory paragraphs. However, in our case neither magnetic nor ultra-low current resistance measurements (see Figs. 1 and 2, respectively) point to the presence of a macroscopic bulk or surface superconductivity. While the shape of the spectrum is rather stable, its temperature and field characteristics may change over time, typically in a jump way, as well as they can be modified by current pulses across the point-contact, as described in Supplementary Information. According to the data displayed in Fig. 2a As shown in Fig. 3 , Mn doping of Pb 1−y Sn y Te does not destroy MBS-type of differential conductance spectra but rather enhances the temperature and magnetic field ranges in which they appear. This is best seen in Fig. 4 that depicts a half of the energy distance between conductance minima, ∆, as a function of temperature and the magnetic field for all studied samples with high Sn content. As seen, ∆(T, H) > 0 up to T c of 4.5 K and µ 0 H c of 1.9 T. Furthermore, according to Fig. 4 , ∆(T ) is quite well described by an interpolation formula of the BCS expression,
5 , where C in our case is more than twofold greater than the weak coupling value C = 1.76. Similarly, a reasonable account of ∆(H) data is obtained by using another interpolation formula suitable for type II superconductors, ∆(T, H) = ∆(T, H = 0) ( We interpret these striking results considering first a possible role of superconducting precipitates. The starting point here is a previous detection by SQUID magnetometry, in a certain class of PbTe samples, of a diamagnetic response specific to a superconductor with critical temperature of Pb, T c = 7.2 K (ref. 22) . The description of magnetization M (T, H) pointed to superconductivity brought about by Pb nanoprecipitates with a typical diameter evaluated to be of the order of 100 nm (ref. 22) .
As detailed in Supplementary Information, by employing high-resolution SQUID measurements we have undertaken search for superconducting precipitates in non- magnetic samples, where the corresponding diamagnetic signal would not be masked by Mn magnetization. No evidence for the superconductivity is found in the case of samples of interest here, i.e., Pb 1−y Sn y Te with y = 0.20, 0.80, and 1. This means, taking our experimental resolution into account, that the relative weight of precipitations that could produce a response specific to superconducting Pb or Sn is below 0.1 ppm, apparently too low to show up in differential conductance spectra. This is consistent with the fact that the magnitudes of T c and H c we find for our samples (Fig. 4) do not match the values specific to Pb or Sn. However, we cannot exclude by SQUID magnetometry the presence of Pb-or Sn-related aggregates of a median diameter below 10 nm, in which dimensional quantization of electronic states diminishes T c but enhances H c and ∆ (ref. 23 and 24) . Because of T c dispersion and large H c values, such metallic quantum dots, even if numerous, might not show up in magnetic measurements. In contrast, they can affect point-contact conductance, as a large magnitude of DOS in metals and the virtual absence of Schottky barriers in paraelectric IV-VI compounds can result in an Andreev-type of spectra 25 . This model would explain also instabilities of the differential conductance, as current paths may switch between metal grains differing in superconducting characteristics. Within this scenario, the conductance maximum around V = 0 is caused by Andreev reflection modified by confinement, the model consistent with the disappearance of the maximum in the case of the ferromagnetic Co or Ni tips employed as point contacts to Pb 0.6 Sn 0.4 Te (ref. 18) .
The scenario involving nanometer-size metal precipitates has further worthwhile implications, particularly concerning conspicuous 2D global superconductivity with T c up to 6.5 K in epitaxial superlattices and heterostructures of IV-VI compounds 26, 27 . It was recently proposed that a network of misfit dislocations leads to a flat band on the topological surfaces, which -due to a large magnitude of DOS -results in interfacial unconventional superconductivity 28 . However, it could be also expected that misfit dislocations constitute natural nucleation centres of the metal aggregates. This would explain why this surprising superconductivity appears at interfaces either comprising 26 or not 27 topological materials. Magnetic field is applied perpendicularly to the (011) plane. d, Resistance of this sample was measured by a four contact method with current density 2.5 · 10 −5 A/cm 2 (noisy trace), the solid line represents a numerical average over 40 temperature scans. Critical scattering at the Curie temperature TCurie = 14 K is observed but no global superconductivity is detected.
However, in our samples, as discussed in Supplementary information, neither SQUID magnetometry nor high-resolution transmission electron microscopy (carried out for Pb 0.16 Sn 0.74 Mn 0.10 Te) reveal superconducting precipitates. This implies an intrinsic origin of MBSlike conductance spectra appearing in topological crystalline insulators without and with magnetic impurities, below and above ordering temperatures of the impurity spins. We assign these findings to the presence of 1D topological states adjacent to odd surface steps, and connecting, in the Brillouin zone, two surface Dirac cones in TCIs of Pb 1−y Sn y Se (ref.
3). These 1D states are predicted to form rather flat and topologically protected helical states 3 . According to theoretical studies in a different context, 1D systems with carriers with repulsive interactions could host Kramers' pair of zero-energy MBSs at each of its terminations, if coupled with an stype superconductor 29 . As described in Supplementary Information, such steps are resolved by atomic force microscopy in our samples even though it is known that because of a difference in the ionicity it is more difficult to cleave tellurides than selenides that show, in general, longer steps.
In our case, since we do not observe any bulk superconductivity, a pairing energy should originate from interactions within the 1D bands whereas in the case of Sn 1−x In x Te (ref. 11 and 12) and possibly Cu x Bi 2 Se 3 (ref. 9) also from the sample interior which is superconducting in a certain x range. However, the helical 1D states in question should not be immune to ferromagnetic ordering of Mn spins. In order to interpret the experimentally observed insensitivity of the local superconductivity to global ferromagnetism we note that carrier correlation may lead to a spontaneous breaking of spinrotation symmetry by forming a ferromagnetic ground state, as already discussed theoretically in the context of one-mode IV-VI quantum wires 30 . Moreover, coupling to Mn spins may stabilize ferromagnetic order or spindensity waves formed by Peierls instability in the 1D case at temperatures much higher than bulk T Curie (ref. 31) ,
where T
1D
Curie is much enhanced over T Curie discussed in Supplementary Information by both the Van Hove sin- gularities in 1D DOS ρ 1D F and spatial confinement, described by an effective cross-section area of the 1D channels, A, i.e., the inverse participation number. Hence, the ferromagnetism, along with the spin-orbit interaction, account for triplet pairing and MBSs with lifted Kramers degeneracy, the interpretation explaining the increase of the local T c with T Curie , as seen in Fig. 4 . Furthermore, within this model, differential conductance characteristics depend on the step heights and lengths as well as on the surface contamination, as observed. At the same time, the lack of global superconductivity is understood, as a network of 1D channels is not expected to percolate.
In summary, our results bring to light topological surfaces with atomic steps as the functional platform for efficient networking and manipulating Majorana-based qubits for fault-tolerant quantum computation. From another viewpoint, our work exposes the intricate and concealed relationship between macroscopic quantum phenomena, such as unconventional superconductivity, and materials characteristics -in our case surface steps, precipitates, and dislocations -too frequently treated as marginal. The obtained single crystals are oriented by using an x-ray diffractometer equipped with a goniometer. Samples for measurements are cut by a wire saw to the form of rectangular parallelepiped, with approximate dimensions (0.5-1) × (1-2) × (2-4) mm 3 . Hole densities and mobilities determined from room temperature Hall measurements are collected in Table I in the main body of the text. Prior to point-contact preparation the samples are etched in 3% Bromide solution in HBr for 15 sec. A silver paint and 15 µm diameter Au wires serve to obtain soft point-contacts on the {001} and {011} planes for diamagnetic and ferromagnetic samples, respectively. The remaining two contacts are prepared by spot welding of an Au wire to the side surfaces of the sample. Measurements of differential conductance are taken by Keithley 6221 current source and Keithley 2182A nanovoltmeter offering this type of measurements in a common mode operation. The samples are mounted in a dry dilution refrigerator Triton 400 Oxford Instruments, which allows sweeping of the magnetic field up to 6 T and temperature in the range from 10 mK to 30 K.
A commercial SQUID MPMS XL 5 magnetometer using a length of a 2 mm wide Si strip as the sample support in the sample chamber serves for magnetic measurements.
Transmission electron microscope (TEM) investigations, whose results are presented in Supplementary Information, are performed in a FEI Titan cube 80-300 aberration corrected microscope operating at 300 kV in TEM and scanning TEM modes at different camera lengths and with high-angle annular dark-field (HAADF) detector. The lamellas for TEM investigations are pre-pared using dual beam FEI Helios Nanolab 600 system equipped with Omiprobe manipulator and platinum gas injection system. Selected area of the nanocrystal is capped first with 0.2 µm and later with 1 µm thick platinum layers deposited under 5 kV acceleration voltage and 2.7 pA current, and under 30 kV and 280 pA, using electron and Ga ion guns, respectively. The final thinning of the lamella is carried out with Ga ions at 2 kV and 28 pA resulting in the thickness of the specimen ranging between 50 to 150 nm (see, Supplementary Information).
Information on the morphology of the sample surface is obtained from tapping-mode atomic force microscopy (AFM) using a VEECO Dimension Icon AFM system. According to AFM measurements, the surface density of dislocations is of the order of 10 6 /cm 2 , the value consistent with TEM investigations presented in Supplementary Information. The AFM studies reveal also surface atomic steps, as discussed in Supplementary Information.
SUPPLEMENTARY INFORMATION

S1. Theoretical evaluation of Curie temperatures
According to the mean-field p − d Zener model 32, 33 
where x eff < x and T AF > 0 take into account the presence of short-range antiferromagnetic interactions, and N 0 is the cation concentration. Important effects of spinorbit interactions, carrier-carrier correlation, and mixing between anion and cation wave functions are incorporated into an effective p − d exchange integral β eff . In order to evaluate its magnitude we take Mn spin S = 5/2 and DOS of holes at the Fermi level ρ F from specific heat measurements for Sn 1−z In z Te with comparable hole densities 12 . The values of x eff = 0.024 and 0.095 are determined from the Curie constant obtained from our magnetic susceptibility measurements between 100 K and T Curie ; T AF = 8xS(S + 1)J , where
For the experimental magnitudes of T Curie we then obtain N 0 |β eff | = 0.25 ± 0.02 eV, a value at the upper bound of those determined for Mn-doped lead chalcogenides 35 .
S2. Effect of current pulses
In most cases freshly prepared silver paint contacts reveal zero-bias conductance peak in topologically nontrivial samples. However, some of the contacts stopped working after temperature sweeps or showed no structure during initial measurements. We have found, as could be expected for phenomena relying on properties of surface steps, that characteristics of differential conductance spectra in topological samples can be modified by current pulses, as shown in Fig. S1a. A typical   FIG. S1 . Effect of current pulses on differential conductance characteristics in topological and non-topological samples. a, In topological samples pulses can restore a peak structure in the case of contacts that have been initially featureless. b, Differential conductance remains featureless in non-topological samples.
pulse sequence consists of 1 ms pulses with amplitude 100 mA, with the repetition rate of 10 Hz. Such a sequence does not awake any structure in conductance of non-topological Pb 0.80 Sn 0.20 Te (Fig. S1b) .
S3. Search for superconducting precipitates by SQUID magnetometry
We assess the presence of superconducting Pb, Sn, and related precipitates in samples of topological Pb 0.20 Sn 0.80 Te and non-topological Pb 0.80 Sn 0.20 Te, discussed in the main body of the paper, by SQUID magnetometry (see Methods).
We start by discussing results of magnetization measurements for a reference sample Pb 0.63 Sn 0.37 Se. As shown in Fig. S2 , two clear diamagnetic steps in the temperature and magnetic field dependencies of magnetization are recorded, quite accurately corresponding to Pb and Sn superconducting transition temperatures 7.2 and 3.7 K as well as critical magnetic fields at 2 K, 700 and 250 Oe, respectively. The presence of magnetic hystereses points to some pinning. Assuming a spherical shape of precipitates, the field derivative of the magnetic moment m assumes the form,
where M i , ρ i , and dm i /dH are mass, density, and the experimentally established slopes corresponding to i = Pb or β-Sn. From the experimental slopes dm i /dH, depicted in Fig. S2b , we obtain precipitation masses of M Pb = 1.7 µg and M Sn = 14 µg, which lead to the weight fraction of precipitates f = 0.04%. Neither Pb 0.20 Sn 0.80 Te nor Pb 0.80 Sn 0.20 Te shows such a signal. We assign a large concentration of Sn and Pb precipitates in Pb 0.63 Sn 0.37 Se to the fact that Sn content y = 0.37 is close the solubility limit y 0.40.
In order to test our telluride samples Pb 1−y Sn y Te with even higher sensitivity and, in particular, to compensate a relatively large bulk diamagnetic signal, a dedicated sample holder has been prepared. As illustrated in inserted into the gap, the total signal can be made field independent (typically down to 2% of the initial slope), provided that both the sample and the sapphire stripe do not contain any magnetic or superconducting inclusions. We use a pure GaAs sample to determine a background signal of the sample holder. By adjusting masses of Pb 1−y Sn y Te samples of interest here, and after correcting for sapphire response, we obtain SQUID signals presented in Fig. S3b-d . The magnitude of noise indicates that for a mean mass of our samples, i.e., 60 mg, the upper limit of the weight fraction of precipitates that could give a response of the type presented in Fig. S3c 
